Interactions of the DNA Polymerase X From African Swine Fever Virus with the ssDNA. Properties of the Total DNA-Binding Site and the Strong DNA-Binding Subsite  by Jezewska, Maria J. et al.
Sunday, February 26, 2012 71ainteracts with the cytoskeletal ParA for driving the segregation of DNA, prob-
ably by triggering depolymerization of the ParA filament.We are using a hybrid
approach to understand the three dimensional organization of the mycobacterial
partition assembly. Formation and organization of the partition assembly will
be described using a combination of solution X-ray and neutron scattering
with H/D contrast variation, structural mass spectrometry, transmission elec-
tron microscopy and optical tweezers-based approaches. A model of the parti-
tion assembly will lead us to understand how it recruits the ParA for
chromosome movement.
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The prediction of the structure of proteins, DNA, and protein-DNA complexes
has long been one of the major challenges to the field of computational biophys-
ics. The Holliday Junction (4WJ) is a four-way junction of DNA strand ex-
change that is involved in homologous recombination in a wide range of
living organisms. Based on experimental data, the junction is observed to be
capable of adopting two known forms in particular: an open planar form that
accounts for branch migration, and a stationary stacked-X form stabilized by
physiological salt conditions. The prokaryotic protein HU (heat unstable) is
known to bind damaged, mismatched, or overhanging duplex DNA with high
affinity, as well as 4WJs in the stacked-X conformation. FRET data reveal
a 2:1 HU:4WJ binding stoichiometry for the complex, but the exact structure
and orientation of the HU proteins is unknown. A second series of FRET stud-
ies provide some distance information that has been used to guide the construc-
tion of possible complexes using the graphics program Pymol. The plausible
structures have been evaluated for energetic and dynamic stability using Mo-
lecular Dynamics (MD) simulations done in explicit solvent. Both modeled
DNA and DNA crystal structure coordinates were utilized in the calculations.
The MD simulations were carried out using the AMBER suite of programs on
the Wesleyan PC cluster.
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Interactions of the polymerase X from the African Swine Fever Virus with the
ssDNA have been studied, using quantitative fluorescence titration and fluo-
rescence resonance energy transfer techniques. Direct binding experiments
were performed with fluorescent etheno-derivative of ssDNA oligomers. Stud-
ies of unmodified ssDNA oligomers were carried out using the competition
titration method. The primary DNA-binding subsite of the enzyme, which es-
tablishes the contact with the nucleic acid independent of the DNA conforma-
tion, is located on the C-terminal domain of the enzyme. Association of the
bound DNA with the weak DNA-binding subsite on the catalytic N-terminal
domain, finalizes the engagement of the total DNA-binding site of the enzyme
in interactions with the nucleic acid. Moreover, it induces a large topological
change in the structure of the bound ssDNA. The intrinsic free energy of bind-
ing of the total DNA-binding site is not a simple sum of contributions from
the strong and the weak DNA-binding subsites. Large positive enthalpy
changes accompanying the ASFV pol X - ssDNA association indicate that
specific conformational changes of the complex are induced by the engage-
ment of the weak DNA-binding subsite on the N-terminal domain. The unfa-
vorable enthalpy changes are offset by large entropy changes accompanying
the DNA binding to the strong DNA-binding subsite and the total DNA-
binding site, and, predominantly, result from the release of the water
molecules.
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The lac Repressor protein (LacI) binds to two distant operator sites along the
substrate DNA, bending the intervening DNA into a loop. A set of intrinsically
bent substrate DNA constructs, designed by Mehta and Kahn, were found to
form loops which were stable for many hours to days in the presence of
a 50-fold excess of competitor DNA in bulk in vitro experiments. Here, wepresent complimentary single-molecule measurements of loop formation and
breakdown rates on these constructs, using Tethered Particle Motion (TPM).
In this single-molecule format, we see loops continuing to form and breakdown
on a time scale of minutes both in the presence and absence of the competitor
DNA. The timescales are unexpectedly different from the bulk experiments,
but the experiments confirm the surprising insensitivity of these protein-
mediated DNA loops to the presence of excess competitor DNA. We will dis-
cuss potential explanations for these counterintuitive findings, and implications
for our understanding of the kinetics of protein-mediated DNA looping in
general.
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Recent use of TALEs, transcription activator like effectors as a novel DNA
binding domain, has raised the interest in deciphering the mechanisms of
DNA recognition by these multimeric TALE proteins. TALE proteins can
be fused with the catalytic domain of FOKI nucleases to act as artificial re-
striction enzymes to create a targeted DNA double strand break in-vivo for
genome editing. The TAL effectors are characterized by a central domain of
30 tandem repeats of 33 to 35 amino acid sequence motifs. The amino acid
sequence of each repeat is largely invariant, with the exception of two adja-
cent amino acid at position 12th and 13th (the repeat variable diresidue or
RVD). Repeats with different RVD recognize different DNA base pairs,
and it is hypothesized that there is one-to-one correspondence between the
RVDs in the repeat domain and the nucleotide in the target DNA sequence.
But how this central domain contacts DNA and what determines the speci-
ficity has remained enigmatic so far. Here we use structure-based models to
investigate the structure of TALENS and their interaction with DNA. Simu-
lations with biophysical models for multimeric protein in complex with
DNA are presently too computationally expensive to help, but structure-
based simulations been used to study protein folding and protein-protein in-
teraction mechanisms for over a decade. We performed homology modeling
to construct a structure of single repeat and 1.5 repeat using the PthA (TPR
domain) as a template protein, which predicts only alpha helices and turns
for both the repeat domains. Strucuture based models are generated by in-
specting the native contacts of DNA and individual repeat domain from pre-
vious experimental knowledge and can be easily adapted to different DNA
sequences and multidomain of TALE, as long as the binding motives are
conserved.
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We performed systematic single molecule and bulk studies on the interactions
of Replication Protein A (RPA) with four different G-Quadruplex (GQ) struc-
tures. RPA, the most abundant single strand DNA binding protein in eukary-
otes, is known to interact and unfold GQ structures however; this unfolding
activity has not been systematically studied for different GQ structures. As
a first step to study this dependence, we studied RPA-GQ interactions for
GQ structures in which we varied the number of tetrad layers while keeping
the loop length and loop sequence fixed. We studied GQ forming sequences of
the form TT (G_n TTT)_3 G_n TT where 1< n <6. These sequences corre-
spond to 2-5 layer GQ constructs (L2-L5) with 3 nucleotide loops (TTT) and
two nucleotide overhang sequences (TT). Our results showed that 100%, 80%,
50%, and 20% of the L2, L3, L4, and L5 GQ molecules were unfolded in
equilibrium and physiological RPA concentration. The systematic, almost lin-
ear, increase in stability of GQ structure as the number of layers is increased is
very interesting and will provide an important ingredient in understanding
protein-GQ interactions. In addition, we measured the timescales of GQ fold-
ing as a result of Kþ addition, and GQ unfolding by RPA using a single mol-
ecule stopped flow type measurement. We found that the folding of all GQ
constructs takes a similar time of 0.350.1 sec, with the exception of L2.
L2 has two distinct transitions with transition times of 0.350.1 sec and
0.550.1 sec, and the longer transition time demonstrates a clear intermediate
folding conformation. Surprisingly, GQ unfolding times by RPA were also
similar for all constructs, 0.2 - 0.3 sec, despite significant differences in their
equilibrium stability.
